Abstract -In this paper, the average Area Spectral Efficiency (ASE) in bits/Sec/Hz/Km2 of a variable transmission rate, high capacity cellular communication system is studied in a correlated shadowed environment. The effect on average ASE of the normalised reuse distance, shadowing variance, correlation between radio signals, coverage radius and cell sectorization is investigated by computer simulations. It is shown mathematically that the average ASE of an interference limited mobile radio channel increases with the increased shadowing variance. Downlink simulation results indicate that, the increase in shadowing correlation between the desired and the sum of the undesired signals reduces the average ASE whereas mutual correlation between individual interfering signals increases the average ASE. The variation of cell size on average ASE is also investigated. The results suggest small cell sizes in heavily shadowed areas are well suited for highspeed variable data rate transmissions.
Introduction
The introduction of high-speed wireless data services require a highly spectrum efficient communication system. Cell splitting and reusing the same frequencies at distant cells increases the spectrum efficiency to a large extent but is not enough to meet ever-increasing traffic demand. Spectral efficiency can be increased further by taking into account the wireless channel variability. Instead of deploying a fixed rate modem, a variable rate channel adaptive modem has been proposed in recent years [l] . The enhancement in spectrum efficiency is realised from the flexibility of adapting the transmission rate according to several fading and interference conditions encountered in the wireless channel.
The conventional definition to measure the Area Spectral Efficiency (ASE) of a fixed data rate cellular system is ChannelshIHzKrn' [2] . If this definition is used to calculate the ASE of a variable data rate communication system, it does not take into account the time variant multiple transmission rates of the channel. The average ASE of a channel adaptive cellular system is calculated by Alouni & Goldsmith [3] in bits/sec/Hz/Km2 for a TDMAIFDMA mobile radio channel by using the well-known Shannon capacity theorem. In their analysis, uplink channel was considered and the mobile radio channel was characterised by the propagation path loss only.
In densely populated areas, high obstacles shadow the MS antenna and cause variations in the mean received signal power. The purpose of this paper is to develop a computer simulation model for calculating the average ASE of a channel adaptive cellular system in a correlated shadowed environment. Results are presented for the downlink only because of the excessive demand to broadcast high speed data in most of the emerging communication services.
The rest of the paper is organised as follows. Section I1 describes the propagation and system modelling. In Section I11 a mathematical formula is derived for the average ASE and a computer simulation model is stated. Section IV discusses the computer simulation results followed by the conclusions in Section V.
II. Propagation and System Models

A. Cellular layout
The geographical area is described by regular hexagons. For mathematical convenience hexagons are approximated by circles of radius R. The minimum distance between cells using a common set of frequencies is D. Therefore, the total area served by each set of frequencies is given by a(D/2)'. It is assumed that the system is interference limited and six interfering BS surround an MS. The BS and MS antennas are assumed to be omni directional with equal gains, heights and transmit power in each cell respectively. With 120" sectoring, the maximum number (of interfering BS reduces to 2 [2].
B. Traflc distribution
It is assumed that all the MS are independent and uniformly distributed in a cell. The probability density function of an MS location relative to a BS in cylindrical co-ordinates is r 
E. Shadowing
When a mobile station is in the vicinity of high obstacles, the mean received power starts to fluctuate on top of the area mean power 6. This phenomenon is also known as slow fading. The variation in mean received power follows a lognormal distribution& (P) with mean 4 and variance 0 ' .
In some propagation environments, the Same obstacles may cast overlapping shadows to signals transmitted from various base stations ( 
F. Fastfading
The movement of the MS in the multipath environment causes the local mean power to fade by 30 dB or more over distances as close as 2 2 m. This phenomenon is sometimes described as Rayleigh, or short term, fading.
In this paper our adaptation parent process does not take into account the effects of fast fading. The MS only adapts to the local mean power of the received signal to change its transmission rate.
G. Carrier to Interference ratio (C/I)
ASE depends upon the cochannel interference and noise present at the mobile receiver. This analysis is aimed at high capacity cellular communication, therefore the effect of thermal noise can be neglected [2] . The local mean C B (v) of the desired and undesired signals can be written as
where N is the total number of interfering BS and I, represents the local mean power of an individual interferer.
Area Spectral Efficiency
The ASE of a channel adaptive cellular system is defined as bits/Sec/Hz/Km2. For a TDMMFDMA communication system having equal bandwidth channels, the average ASE is given by [31 as where w=Pou and can be derived from Eq. (8) 
IV. Simulation Results
The results produced by computer simulations are plotted in Fig. 2-6 . They are diseussed as below. This is also evident fiom Eq. (15), which states the increase in average ASE due to the increase in effective variance. Fig. 2 also shows that the difference in average ASE becomes less significant with larger values of normalised reuse distance. The results confirm the fact that highly spectral efficient communication systems require small reuse distances.
The plots of Fig. 3 rhow the average ASE as a function of normalised reuse ratio for different values of correlation values between the desired and the sum of the undesired signals. It can be noted that the average ASE decreases with an increase in shadowing correlation. This change is less si@cant at high reuse distances. At a normalised reuse distance of 2, a Correlation between desired and the undesired signals can make a difference as large as 5 bits/sec/Hz/Km*. Fig. 4 shows the variation in the average ASE versus the normalised reuse distance for different correlation values between the individual interfering signals. It is evident from Fig. 4 that the average ASE slightly increases with increasing correlation between individual interferers. This result verifies that the increased correlation between many lognormal signals decreases the average mean power of their sum if they are correlated.
In Fig. 5 , the effect of cell size on average ASE is shown for different values of shadowing standard deviations. Results indicate that the increase in average ASE is sigmficant for small cell sizes as compared to big larger cells. Finally Fig. 6 compares the average ASE versus normalised reuse distance for different values of shadowing standard deviation for two cases; a typical cellular system with 6 interferers, and a 120" sectored cell with two interferers only. Fig. 6 shows that the average ASE increases with decreasing number of interferers. This increase is more sigmficant for smaller shadowing standard deviations and reuse distances.
V. Conclusion
In this paper, the average ASE of a variable data rate cellular communication system is evaluated in a correlated shadowed environment. The average ASE is analysed as a function of normalised reuse distance, shadowing standard deviation, correlation between desired and the sum of undesired signals, cell radius and cell sectorization.
The presence of shadowing increases the average ASE of a variable rate communication system. Densely shadowed areas with higher shadowing variance are capable of receiving higher data rates as compared to areas with less shadowing variance. The increase in average ASE is more sigmficant at low values of normalised reuse distance than at higher ones.
It is noted that the average ASE decreases with increased correlation between desired and undesired signals. This decrease is less at larger values of reuse distance. In contrast, mutual correlation between the individual signals increases the average ASE. This increase is lower when the normalised reuse distance is increased.
When cell sizes are varied with different shadowing variances, it is noted that the increase in spectral efficiency is more pronounced with small rather than large cells.
The comparison between a 120" sectored cell and an omni directional case shows an increased average ASE for the sectored case. This increase becomes small when the shadowing variance and the normalised reuse distance is increased.
It can thus be concluded that a channel adaptive mobile cellular system is more spectrally efficient in areas which are densely populated, have higher shadowing variances, have small cell sizes and use small reuse distances. 
